The acute haemodynamic efifects of thiopentone, methohexitone and propanidid have been compared in anaesthetized dogs. All three drugs caused a reduction in arterial blood pressure and minor changes in cardiac output, but whereas thiopentone and methohexitone had similar effects propanidid was found to be three times as potent as thiopentone in its effect upon arterial systolic pressure. Thiopentone and methohexitone had slight effects upon right ventricular pressures, whilst propanidid markedly increased right ventricular systolic pressure.
Intravenous agents which produce loss of consciousness in one arm-brain circulation time commonly cause some degree of circulatory disturbance. Wyant, Dobkin and Aasheim (1957) compared the acute haemodynamic effects of double the sleep dose of seven intravenous induction agents in unpremedicated volunteers, each experiment being performed at weekly intervals. Mean doses of thiopentone 790 mg and methohexitone 480 mg caused a 10-20 per cent and a 28 per cent fall in arterial systolic pressure respectively; both drugs were given in 2.5 per cent solutions. Recovery was more rapid after thiopentone. Dobkin and Wyant (1957) in an extension of the same study showed a significant fall (17 per cent) in mean arterial pressure (P = 0.01) and a non-significant fall (4 per cent) in cardiac output after thiopentone. Methohexitone was associated with non-significant falls in pressure of 9 per cent and cardiac output of 15 per cent. The difference in results between these two papers could be due to differing effects of thiopentone and methohexitone upon diastolic and pulse pressures. The authors concluded that the two drugs had similar effects but that methohexitone had the disadvantage of producing hypotension.
Dundee and his co-workers have investigated intravenous anaesthetic agents in some detail. Initially Dundee and Moore (1961) claimed that thiopentone caused a markedly higher incidence of hypotension than the equivalent dose of methohexitone, the difference between the groups being probably significant (P=0.05). In a later repetition of this study less difference between the drugs was demonstrated (Dundee, 1963) . Dundee and Clarke (1964) have also shown non-significant differences between propanidid and the other two agents. Sankawa (1965) observed hypotension and a slight increase in central venous pressure when methohexitone and propanidid were given to dogs. Two minutes after propanidid, blood pressure recovered to the pre-injection level and cardiac output increased to 35 per cent above its control value. Small doses of methohexitone caused no significant changes in cardiac output but larger doses were associated with persistent reduced cardiac output
The present study was designed to use a twopoint assay technique in order to compare the potency of thiopentone, methohexitone and propanidid upon various circulatory functions particularly during the period immediately after injection.
METHODS
Six mongrel dogs were used in this study. Anaesthesia was induced with a sleep dose of thiopentone (10-20 mg/kg) and light anaesthesia maintained with chloralose (80 mg/kg), the dogs being intubated and breathing oxygen. Pressures were measured with Sanborn inductance transducers, systemic pressure from a femoral artery, and right ventricular pressure through a fine nylon float catheter. Cardiac output was measured by dye dilution using indocyanine green as an indicator, arterial blood being withdrawn by a Kipp constant flow withdrawal syringe through a Gilford or Waters densitometer. Arterial blood samples were analyzed for pH, Po 2 and Pco a with Eschweiler and Beckman blood-gas electrode assemblies.
Following a control period during which the preparation was set up, each drug was given at two dose levels. The doses used were: thiopentone 5 and 10 mg/kg, methohexitone 2 and 4 mg/kg, and propanidid 10 and 20 mg/kg. These dosage levels conform to the range generally held to be equipotent (Barron and Dundee, 1961; Howells et al., 1967; Thomas, 1967) .
Before administration of each drug, control measurements of intravascular pressures, cardiac output, blood-gas tensions and acid-base status were made. Drugs were given through a catheter into the inferior vena cava at a standard speed of injection. Pressure changes were observed continuously. Following drug administration, cardiac output was measured when pressure changes were mffgimai and again during the recovery period.
A minimum recovery period of 20 minutes was allowed between drug administrations. When hypotension was prolonged, as occurred after some doses of propanidid, a recovery period of 40-80 minutes was necessary before the next injection.
To assist in the analysis of results, drugs were given in the order dictated by a Latin square ( fig. 1 ) in which each column represents the order of drugs given to each dog. In any column (vertical) or row (horizontal) a drug-dose combination occurs once only. Analysis of variance was performed on each Latin square. Total variance was subdivided into differences between dogs (column variance), differences due to drug order (row variance), differences between treatments and by subtraction differences within treatments (residual variance). The variance due to differences between treatments was further subdivided by orthogonal comparisons. The significance of the ratio of variance between treatments and residual variance was estimated by use of F tables (Snedecor, 1959) .
Log dose-response curves were drawn for the effect of the three drugs upon systolic pressure, and relative hypotensive potency calculated.
The statistical methods used are further described in the Appendix.
RESULTS
The changes in systemic arterial 'and right ventricular pressure together with the change in cardiac output are tabulated in table I. Repre- scntative effects of the three drugs on systemic and right ventricular pressure are shown in figure 2.
Arterial systolic pressure.
The Latin square and analysis of variance is given in table n. All the drugs caused a fall in arterial systolic pressure. There was no significant difference between methohexitone and thiopentone nor between the different dosages of these drugs. Propanidid in either dosage caused a greater fall in pressure than methohexitone and thiopentonej the difference being significant (P<0.01). A log dose-response curve has been constructed ( fig. 3 ). The relative potencies of these agents when judged on dieir effect on systolic pressure, together with the 95 per cent confidence limits are thiopentone: methohexitone 3.59 (3.31-3.89): propanidid 2.86 (2.66-3.09).
The time interval between onset of hypotension and 90 per cent recovery was measured for each drug injection (table HI) . The longer duration of propanidid is probably significant when compared with thiopentone and methohexitone (P<0.05). When thiopentone and methohexitone are compared there is no difference. Recovery from all three agents was rapid but was maintained only in the case of thiopentone and methohexitone. Following the recovery from propanidid the pressure was maintained for 4 minutes but then fell again to levels observed immediately after injection. Slow recovery then occurred over the next 60 minutes. This phenomenon was not seen after a second injection of propanidid (Conway, Fill's and King, 1967) .
Arterial cUastoUc pressure.
The results (table IV) were similar to those previously noted in the case of systolic pressure.
Right ventricular pressure.
Changes in right ventricular systolic pressure have been analyzed (table V) . Thiopentone caused a rise in pressure as did the small dose of methohexitone. The larger dose of methohexitone caused a fall in pressure but these changes were not significandy different. Propanidid caused considerable elevation of pressure, me difference between this drug and methohexitone and thiopentone being significant (P<0.01). There was no significant difference between effects observed with the different doses of propanidid.
The percentage changes in right ventricular systolic pressure have been plotted against percentage changes in systemic arterial pressure for the three drugs ( fig. 4) . The points for thiopentone and methohexitone are randomly distributed around the y axis in the lower portion of the graph whereas those for propanidid all fall in the lower righthand quadrant.
Cardiac output.
Small changes in rarHtac ouput were noted but die differences were not significant (table VI) . Blood-gas measurements.
Measurements of blood-gas tension and acidbase state were made before each drug injection to assess the adequacy of spontaneous ventilation and the efficiency of arterial oxygenation and tissue perfusion. These measurements, together with the continuously recorded haemodynamic data, were used to ensure that the animal was in a satisfactory condition.
DISCUSSION
An advantage of the experimental design used in this trial is that it allows a quantitative assessment of any progressive alteration in preparation responsiveness which will be reflected in an increased variance due to "drug order", the major portion of which will be associated with a linear or quadratic regression.
When repeated acute experiments are performed on animals over a period of time the possibility of progressive deterioration of the preparation is very real. This possibility is increased when the experiments in question consist of the repeated administration of potent depressant agents. The reliability of any inferences made upon experimental observations would be greatly affected by the presence of such a deterioration. If the drugs administered are slowly eliminated from the body, cumulation may occur and the effects of repeated administration may be additive. In the results obtained when arterial systolic, arterial diastolic and right venticukr systolic pressures were analyzed, variance due to "drug order" was small, and the component of this associated with regression was negligible. In the cardiac output results variance due to "drug order" was greater, and a larger portion of this variance was associated with linear regression. However, such variance due to drug order and the associated regression were not statistically significant. Therefore it can be assumed that during the course of these experiments either significant preparation deterioration did not occur, and the drugs administered did not have cumulative effects upon the parameters measured, or deterioration and cumulation occurred, but were quantitatively equal and of opposite sign.
In these experiments the doses of drugs used were given in the ratio thiopentone=l:methohexitone =0.4: propanidid=2, the figures were based on the comparative potencies of these drugs as hypnotic agents in man. The comparative potencies of thiopentone and methohexitone as anaesthetic induction agents in man have been studied by a number of authors (Coleman and Green, 1960; Egbert, Oech and Eckenhoff, 1959; Thomas, 1967) and the dose ratio of 1:0.4 chosen here is dose to that quoted in these papers. The relative potency of propanidid and methohexitone has been shown by Howells and associates (1967) to be 52:1 a figure close to the ratio of 5:1 used in the design of this trial. Relatively large doses of these agents (in terms of mg/kg body weight) have been administered during the course of this trial. Dogs require larger doses of intravenous barbiturate to induce anaesthesia than man (Gibson, Swanson and Doran, 1955) . Moreover, it was necessary in these experiments to give drugs in a quantity sufficient to produce measurable cardiovascular effects.
The finding that thiopentone and memohexitone have similar effects upon haemodynamic functions is not unexpected as the two drugs are chemically similar Methohexitone has a potency 3.59 times as great as thiopentone when the effect of these drugs on systolic pressures is compared (95 per cent confidence limits 3.31-3.89). On the other hand, propanidid, a eugenol compound, with an assumed narcotic potency half that of thiopentone, was found to be 2.86 times as potent as a depressor of blood pressure (95 per cent limits 2.66-3.09). It can be predicted that in the dog when these drugs are given in equi-anaesthetic doses, the resultant effects upon systolic pressure will be in the ratios thiopentone 1: methohexitone 1.42: propanidid 3.02.
The similarity of duration of hypotension seen after thiopentone and methohexitone is to be expected from these results and the longer duration of hypotension after propanidid probably reflects its greater potency. The commercially available preparation of propanidid used in this study contains polyoxyethylated castor oil as a solubilizing agent. This solvent is said to liberate hisraminf; in the dog (Wirth and Hoffmeister, 1965) . In a separate study (Conway et al., to be reported) it has been shown that the preliminary administration of mepyramine does not signi-ficandy alter subsequent haemodynamic effects of propanidid in die dog, akhough die dose of mepyramine used was sufficient to reduce die effects of histamine by more than 90 per cent.
Propanidid caused an increase in right ventricular pressure which is significandy different from the small changes seen after thiopentone and methohexitone (P<0.01). The cause of dus difference is at present not understood and requires further investigation. Each n X n Latin square contained n 8 estimates of x, made up of n treatments of sum D u T> u D3, . . . D n . Each square could also be considered as being made up of n rows of sum R u Rj, Rg,. . . R n , or n columns of sum C 13 C w C3, . . . C n . Then ER=£C=i:D=2x.
Analysis of variance was performed by use of the following identities (Snedecor, 1959) .
The significance of these comparisons, and that of the contributions of rows and columns, was tested by dividing the respective mean squares by the residual mean square, and entering into tables of F at the appropriate degrees of freedom.
Relative potency.
The relative potency of the three drugs in lowering arterial systolic pressure was assessed using thiopentone as a standard. If T v T 2 be the effects of t x and t 2 mg/kg of thiopentone, and D u D 2 be the effects of d 
